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Ɂ� ɿɧɲɨɝɨ� ɛɨɤɭ,  ɹɤ� ɩɨɤɚɡɚɧɨ� ɜ� ɪɨɛɨɬɿ [2]  ɿɫɧɭɸɬɶ� ɞɟɹɤɿ 
ɤɨɧɫɬɪɭɤɬɢɜɧɿ�ɜɿɞɦɿɧɧɨɫɬɿ�ɦɿɠ�ɤɨɪɨɬɤɢɦ�ɬɚ�ɞɨɜɝɢɦ�ɭɩɨɪɚɦɢ. 
ȼɨɧɢ�ɩɨɥɹɝɚɸɬɶ�ɭ�ɬɨɦɭ, ɳɨ�ɤɨɧɫɨɥɶɧɿ�ɱɚɫɬɢɧɢ�ɨɛɨɯ�ɭɩɨɪɿɜ 
ɦɚɸɬɶ�ɪɿɡɧɭ�ɜɟɥɢɱɢɧɭ. Ɂ�ɪɢɫ. 2ɚ�ɜɢɞɧɨ, ɳɨ�ɡɿ�ɡɛɿɥɶɲɟɧɧɹɦ�ɞɨ-
ɜɠɢɧɢ�ɭɩɨɪɚ�ɣɨɝɨ�ɤɨɧɫɨɥɶɧɿɫɬɶ�ɭ�ɛɿɤ�ɰɟɧɬɪɚ�ɤɪɢɲɤɢ�ɡɦɟɧɲɭ-
ɽɬɶɫɹ, ɬɨɛɬɨ ɫ < b (ɞɢɜ. ɪɢɫ. 3ɚ), ɚ�ɫɚɦ�ɭɩɨɪ, ɭɦɨɜɧɨ�ɤɚɠɭɱɢ, 
ɞɟɳɨ�ɜɢɪɿɜɧɸɽɬɶɫɹ.  əɤ�ɜɢɩɥɢɜɚɽ�ɡ�ɚɧɚɥɿɡɭ�ɠɨɪɫɬɤɨɫɬɿ�ɧɚɪɿɡ-
ɧɢɯ� ɭɩɨɪɿɜ� ɤɪɢɲɨɤ� ɞɥɹ� ɩɨɞɚɥɶɲɨɝɨ� ɡɛɿɥɶɲɟɧɧɹ� ɡɞɚɬɧɨɫɬɿ 
ɭɩɨɪɿɜ�ɩɪɨɬɢɞɿɹɬɢ�ɪɨɡɝɢɧɚɧɧɸ�ɩɿɞ�ɞɿɽɸ�ɧɚɜɚɧɬɚɠɟɧɧɹ G, ɧɟ-
ɡɚɥɟɠɧɨ�ɜɿɞ�ʀɯ�ɞɨɜɠɢɧɢ, ɬɪɟɛɚ�ɡɛɿɥɶɲɢɬɢ�ʀɯ�ɠɨɪɫɬɤɿɫɬɶ�ɧɚ�ɥɿɧɿʀ 
ɞɟɮɨɪɦɭɜɚɧɧɹ, ɹɤɚ�ɪɨɡɬɚɲɨɜɚɧɚ�ɜ�ɡɨɧɿ�ɨɫɧɨɜɢ�ɭɩɨɪɿɜ (ɞɢɜ. ɪɢɫ. 
1). Ɂ� ɰɿɽɸ�ɦɟɬɨɸ�ɩɪɨɩɨɧɭɽɬɶɫɹ� ɧɨɜɚ� ɤɨɧɫɬɪɭɤɰɿɹ� ɤɪɢɲɤɢ� ɡ 
ɭɞɨɫɤɨɧɚɥɟɧɢɦ�ɜɭɡɥɨɦ�ɠɨɪɫɬɤɨɫɬɿ [6]. 

ȼ� ɿɫɧɭɸɱɿɣ� ɤɨɧɫɬɪɭɤɰɿʀ� ɤɪɢɲɨɤ� ɫɢɫɬɟɦɢ� ɌɈ� ɜɭɡɨɥ 
ɠɨɪɫɬɤɨɫɬɿ�ɡɦɿɰɧɸɽ�ɝɨɥɨɜɧɢɦ�ɱɢɧɨɦ�ɤɪɚɣɤɢ�ɭɩɨɪɿɜ�ɬɚ�ɛɨɪɬɚ 
ɤɪɢɲɤɢ� ɦɿɠ� ɭɩɨɪɚɦɢ, ɨɛ¶ɽɞɧɭɸɱɢ� ʀɯ� ɜ� ɽɞɢɧɢɣ� ɜɭɡɨɥ. ɉɪɢ 
ɰɶɨɦɭ� ɨɫɧɨɜɚ� ɭɩɨɪɚ, ɜ� ɩɟɪɲɭ�ɱɟɪɝɭ� ɜ� ɣɨɝɨ� ɰɟɧɬɪɚɥɶɧɿɣ� ɱɚ-
ɫɬɢɧɿ, ɡɧɚɯɨɞɢɬɶɫɹ�ɧɚ�ɜɿɞɫɬɚɧɿ 2,7 ɦɦ�ɜɿɞ�ɨɫɿ�ɡɝɨɪɧɭɬɨʀ�ɭ�ɛɭɪɬɢɤ 
ɠɨɪɫɬɤɨʀ�ɤɪɚɣɤɢ�ɭɩɨɪɚ, ɳɨ�ɫɤɥɚɞɚɽ�ɛɿɥɶɲ�ɧɿɠ�ɞɜɿ�ɬɪɟɬɢɧɢ�ɜɿɞ 
ɲɢɪɢɧɢ�ɭɩɨɪɚ�ɩɨ�ɪɚɞɿɭɫɭ ɚ, ɪɿɜɧɿɣ 3,4 ± 0,3 ɦɦ [5], ɡɧɚɱɧɨɸ 
ɦɿɪɨɸ�ɜɬɪɚɱɚɸɱɢ�ɩɿɞɬɪɢɦɤɭ�ɜɿɞ�ɧɟʀ (ɞɢɜ. ɪɢɫ. 3ɛ). Ɍɚɤɚ�ɤɨɧɫ-
ɬɪɭɤɬɢɜɧɚ�ɨɫɨɛɥɢɜɿɫɬɶ�ɤɪɢɲɨɤ�ɫɢɫɬɟɦɢ�ɌɈ�ɫɭɬɬɽɜɨ�ɡɦɟɧɲɭɽ 
ɠɨɪɫɬɤɿɫɬɶ�ɧɚɪɿɡɧɢɯ�ɭɩɨɪɿɜ. Ⱦɥɹ�ɡɛɿɥɶɲɟɧɧɹ�ɠɨɪɫɬɤɨɫɬɿ�ɨɫɧɨ-
ɜɢ�ɭɩɨɪɿɜ�ɜ�ɧɨɜɿɣ�ɤɨɧɫɬɪɭɤɰɿʀ�ɤɪɢɲɤɢ, ɹɤɚ�ɡɨɛɪɚɠɟɧɚ�ɧɚ�ɪɢɫ. 4, 
ɜɭɡɨɥ�ɠɨɪɫɬɤɨɫɬɿ 1 ɜɢɤɨɧɚɧɨ�ɭ�ɜɢɝɥɹɞɿ�ɤɚɧɚɥɨɜɨʀ�ɤɿɧɟɦɚɬɢɱɧɨʀ 
ɩɨɜɟɪɯɧɿ�ɡ�ɧɚɩɪɹɦɧɢɦɢ�ɩɟɥɸɫɬɤɨɜɨɝɨ�ɬɢɩɭ, ɹɤɚ�ɩɟɪɟɯɨɞɢɬɶ�ɭ 
ɬɨɪɫɨɜɭ�ɩɨɜɟɪɯɧɸ 2 ɡ�ɧɚɩɪɹɦɧɢɦɢ�ɩɟɥɸɫɬɤɨɜɨɝɨ�ɬɢɩɭ, ɩɪɢ-
ɱɨɦɭ� ɤɿɥɶɤɿɫɬɶ� ɩɟɥɸɫɬɤɿɜ� ɜɭɡɥɚ� ɠɨɪɫɬɤɨɫɬɿ� ɜɿɞɩɨɜɿɞɚɽ� ɤɿɥɶ-
ɤɨɫɬɿ� ɧɚɪɿɡɧɢɯ� ɭɩɨɪɿɜ, ɚ� ɭɩɨɪɢ�ɪɨɡɬɚɲɨɜɚɧɿ� ɧɚ�ɩɟɥɸɫɬɤɚɯ 3. 

Ʉɨɠɧɢɣ�ɩɟɥɸɫɬɨɤ�ɜɭɡɥɚ�ɠɨɪɫɬɤɨɫɬɿ� ɩɟɪɟɯɨɞɢɬɶ� ɭ�ɩɟɥɸɫɬɨɤ 
ɬɨɪɫɨɜɨʀ�ɩɨɜɟɪɯɧɿ. ɉɪɢ�ɬɚɤɨɦɭ�ɜɢɤɨɧɚɧɧɿ�ɜɭɡɥɚ�ɠɨɪɫɬɤɨɫɬɿ�ɨɫ-
ɧɨɜɚ� ɭɩɨɪɚ 4 ɡɧɚɯɨɞɢɬɶɫɹ� ɡɧɚɱɧɨ� ɛɥɢɠɱɟ� ɞɨ� ɣɨɝɨ�ɠɨɪɫɬɤɨʀ 
ɤɪɚɣɤɢ, ɩɨɪɿɜɧɹɧɨ�ɡ�ɿɫɧɭɸɱɨɸ�ɤɨɧɫɬɪɭɤɰɿɽɸ�ɰɶɨɝɨ�ɜɭɡɥɚ, ɫɬɚ-
ɧɨɜɥɹɱɢ�ɮɚɤɬɢɱɧɨ�ʀʀ�ɱɚɫɬɢɧɭ. ɉɨɪɹɞ�ɡ�ɰɢɦ, ɛɟɡɩɨɫɟɪɟɞɧɿɣ�ɩɟ-
ɪɟɯɿɞ�ɩɟɥɸɫɬɤɚ�ɜɭɡɥɚ�ɠɨɪɫɬɤɨɫɬɿ�ɭ�ɩɟɥɸɫɬɨɤ�ɬɨɪɫɨɜɨʀ�ɩɨɜɟɪɯ-
ɧɿ�ɽ�ɿɧɲɢɦ�ɜɚɠɥɢɜɢɦ�ɮɚɤɬɨɪɨɦ�ɡɛɿɥɶɲɟɧɧɹ�ɠɨɪɫɬɤɨɫɬɿ�ɭɩɨɪɿɜ. 

ȼɢɫɧɨɜɤɢ.  
ɇɚɣɛɿɥɶɲ� ɟɮɟɤɬɢɜɧɢɦ� ɫɩɨɫɨɛɨɦ� ɡɚɩɨɛɿɝɚɧɧɹ� ɩɥɚɫɬɢɱ-

ɧɨʀ�ɞɟɮɨɪɦɚɰɿʀ�ɤɪɢɲɨɤ�ɜ�ɩɪɨɰɟɫɿ�ɡɚɤɭɩɨɪɸɜɚɧɧɹ�ɽ�ɡɛɿɥɶɲɟɧɧɹ 
ɠɨɪɫɬɤɨɫɬɿ�ɨɫɧɨɜɢ�ɭɩɨɪɿɜ�ɲɥɹɯɨɦ�ɭɞɨɫɤɨɧɚɥɟɧɧɹ�ɜɭɡɥɚ�ɠɨɪɫ-
ɬɤɨɫɬɿ�ɤɪɢɲɨɤ. Ɋɨɡɝɥɹɧɭɬɚ�ɤɨɧɫɬɪɭɤɰɿɹ�ɤɪɢɲɤɢ (ɞɢɜ. ɪɢɫ. 4) ɽ 
ɩɟɪɫɩɟɤɬɢɜɧɨɸ�ɦɨɞɟɥɥɸ�ɞɥɹ�ɤɪɢɲɨɤ�ɜɟɥɢɤɢɯ�ɿ�ɫɟɪɟɞɧɿɯ�ɬɢ-
ɩɨɪɨɡɦɿɪɿɜ – ɜɿɞ 63-ɝɨ�ɞɨ 110-ɝɨ. ȼɨɧɚ�ɞɨɡɜɨɥɹɽ, ɩɨɪɹɞ�ɡɿ�ɡɛɿ-
ɥɶɲɟɧɧɹɦ�ɞɨɜɠɢɧɢ�ɭɩɨɪɿɜ [2], ɞɨɞɚɬɤɨɜɨ�ɡɦɟɧɲɭɜɚɬɢ�ɬɨɜɳɢ-
ɧɭ�ɠɟɪɫɬɿ�ɞɥɹ�ɜɢɝɨɬɨɜɥɟɧɧɹ�ɤɪɢɲɨɤ, ɡɦɟɧɲɭɽ�ɿɦɨɜɿɪɧɿɫɬɶ�ɪɨɡ-
ɝɢɧɚɧɧɹ�ɧɚɪɿɡɧɢɯ�ɭɩɨɪɿɜ, ɩɨɜ¶ɹɡɚɧɭ�ɡ�ɧɟɫɬɚɛɿɥɶɧɿɫɬɸ�ɩɨɤɚɡɧɢ-
ɤɿɜ�ɬɜɟɪɞɨɫɬɿ�ɬɚ�ɬɨɜɳɢɧɢ�ɠɟɪɫɬɿ�ɞɟɹɤɢɯ�ɜɢɪɨɛɧɢɤɿɜ. Ɉɫɬɚɧɧɹ 
ɨɫɨɛɥɢɜɿɫɬɶ�ɞɨɡɜɨɥɹɽ�ɡɚɞɿɹɬɢ�ɭ� ɜɢɪɨɛɧɢɰɬɜɿ�ɤɪɢɲɨɤ� ɬɢɩɭ� ȱȱȱ 
ɛɿɥɶɲ�ɞɟɲɟɜɭ�ɠɟɪɫɬɶ�ɪɨɫɿɣɫɶɤɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ, ɹɤɚ�ɯɚɪɚɤɬɟ-
ɪɢɡɭɽɬɶɫɹ�ɧɟ�ɡɚɜɠɞɢ�ɫɬɚɛɿɥɶɧɢɦɢ�ɩɨɤɚɡɧɢɤɚɦɢ�ɬɜɟɪɞɨɫɬɿ�ɿ�ɬɨ-
ɜɳɢɧɢ.  

Ʉɪɿɦ�ɬɨɝɨ, ɨɫɤɿɥɶɤɢ�ɿɡ�ɡɛɿɥɶɲɟɧɧɹɦ�ɞɿɚɦɟɬɪɭ�ɤɪɢɲɤɢ�ɤɨ-
ɟɮɿɰɿɽɧɬ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɥɢɫɬɚ�ɠɟɪɫɬɿ�ɡɦɟɧɲɭɽɬɶɫɹ, ɚ�ɬɨɜɳɢɧɭ 
ɥɢɫɬɚ�ɧɚɜɩɚɤɢ�ɧɟɨɛɯɿɞɧɨ�ɡɛɿɥɶɲɭɜɚɬɢ, ɜɚɝɚ�ɜɿɞɯɨɞɿɜ�ɠɟɪɫɬɿ�ɜɿ-
ɞɩɨɜɿɞɧɨ�ɡɪɨɫɬɚɽ. Ɍɨɦɭ� ɿɡ� ɡɛɿɥɶɲɟɧɧɹɦ� ɬɢɩɨɪɨɡɦɿɪɭ�ɤɪɢɲɨɤ 
ɞɨɫɹɝɚɽɬɶɫɹ�ɦɚɤɫɢɦɚɥɶɧɚ�ɟɤɨɧɨɦɿɹ�ɪɟɫɭɪɫɿɜ�ɿ�ɜɿɞɩɨɜɿɞɧɨ�ɦɚɤ-
ɫɢɦɚɥɶɧɢɣ�ɟɤɨɧɨɦɿɱɧɢɣ�ɟɮɟɤɬ. 
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Ȼɢɨɦɨɥɟɤɭɥɵ� ɨɬɧɨɫɹɬɫɹ� ɤ� ɱɢɫɥɭ� ɬɟɪɦɨɥɚɛɢɥɶɧɵɯ� ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ 
ɪɚɡɪɭɲɚɸɬɫɹ�ɢɥɢ�ɬɟɪɹɸɬ�ɫɜɨɢ�ɛɢɨɥɨɝɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɩɨɞ�ɜɨɡɞɟɣɫɬɜɢɟɦ�ɜɵ-
ɫɨɤɢɯ� ɬɟɦɩɟɪɚɬɭɪ. ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ� ɞɢɨɤɫɢɞ� ɭɝɥɟɪɨɞɚ� ɹɜɥɹɟɬɫɹ� ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɨɣ�ɪɚɛɨɱɟɣ�ɫɪɟɞɨɣ�ɞɥɹ�ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ�ɛɢɨɦɨɥɟɤɭɥ�ɢɡ�ɪɚɡɥɢɱ-

ɧɵɯ�ɩɪɨɞɭɤɬɨɜ�ɠɢɜɨɬɧɨɝɨ�ɢ�ɪɚɫɬɢɬɟɥɶɧɨɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ȼ�ɪɚɛɨɬɟ�ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɬɫɹ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ�ɪɹɞɚ�ɛɢɨɦɨɥɟɤɭɥ (ɜ�ɱɚɫɬɧɨɫɬɢ, ɯɨɥɟ-
ɫɬɟɪɢɧɚ�ɢ E�ɤɚɪɨɬɢɧɚ), ɤɨɬɨɪɵɟ�ɹɜɥɹɸɬɫɹ�ɨɛɴɟɤɬɨɦ�ɬɟɫɬɢɪɨɜɚɧɢɹ�ɫɜɟɪɯɤɪɢɬɢ-
ɱɟɫɤɢɯ�ɬɟɯɧɨɥɨɝɢɣ.  

  

Ɋɢɫ. 3. ɉɨɪɿɜɧɹɧɧɹ�ɯɚɪɚɤɬɟɪɭ�ɡɝɢɧɚɥɶɧɢɯ�ɦɨɦɟɧɬɿɜ, 
ɦɨɦɟɧɬɿɜ�ɨɩɨɪɭ�ɬɚ�ɧɚɩɪɭɠɟɧɶ�ɜ�ɬɿɥɿ�ɤɨɪɨɬɤɨɝɨ�ɬɚ�ɞɨɜɝɨ-
ɝɨ�ɭɩɨɪɿɜ�ɩɪɢ�ɩɨɞɚɧɧɿ�ɭɩɨɪɿɜ�ɭ�ɜɢɝɥɹɞɿ�ɤɨɧɫɨɥɶɧɨɝɨ 
ɛɪɭɫɚ, ɧɚɜɚɧɬɚɠɟɧɨɝɨ�ɧɚ�ɤɿɧɰɿ�ɡɨɫɟɪɟɞɠɟɧɨɸ�ɫɢɥɨɸ 

Ɋɢɫ. 4. ɇɨɜɚ�ɤɨɧɫɬɪɭɤɰɿɹ�ɤɪɢɲɤɢ 
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Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ.� Ȼɢɨɦɨɥɟɤɭɥɵ, cɜɟɪɯɤɪɢɬɢɱɟɫɤɚɹ� ɷɤɫɬɪɚɤɰɢɹ, ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɶ, ɯɨɥɟɫɬɟɪɢɧ, E�Ʉɚɪɨɬɢɧ, ɫɚɥɢɰɢɥɨɜɚɹ�ɤɢɫɥɨɬɚ, ɩɟɧɢɰɢɥɥɢɧ, ɞɢɨɤ-
ɫɢɞ�ɭɝɥɟɪɨɞɚ. 

Biomolecules are among the heat-sensitive substances that collapse or lose 
their biological properties when exposed by high temperatures regimes. Supercritical 
carbon dioxide is the most promising working environment for the extraction of bio-
molecules from a variety of animal and vegetable origin. Here we consider the simu-
lation of biomolecules solubility of cholesterol and E-carotene, which are the subject 
of experimental and theoretical studies. 

Keywords. biomolecules, supercritical extraction, solubility, cholesterol, E-
carotene, salicylic acid, penicillin, carbon dioxide. 

Ɇɨɥɟɤɭɥɚ�ɯɨɥɟɫɬɟɪɢɧɚ (ɋ27ɇ46Ɉ) ɨɛɧɚɪɭɠɟɧɚ�ɜɨ�ɦɧɨ-
ɝɢɯ�ɠɢɜɨɬɧɵɯ�ɬɤɚɧɹɯ�ɢ�ɹɜɥɹɟɬɫɹ�ɤɨɦɩɨɧɟɧɬɨɦ�ɜɫɟɯ�ɤɥɟɬɨɱ-
ɧɵɯ�ɦɟɦɛɪɚɧ, ɚ�ɬɚɤɠɟ�ɩɪɟɤɭɪɫɨɪɨɦ�ɫɬɟɪɨɢɞɧɵɯ�ɝɨɪɦɨɧɨɜ�ɢ 
ɜɢɬɚɦɢɧɚ D. ȼ� ɱɟɥɨɜɟɱɟɫɤɨɦ� ɨɪɝɚɧɢɡɦɟ� ɫɢɧɬɟɡɢɪɭɟɬɫɹ� ɨɬ 
600 ɞɨ 1500 ɦɝ�ɯɨɥɟɫɬɟɪɢɧɚ�ɜ�ɞɟɧɶ, ɯɨɬɹ�ɩɨɬɪɟɛɧɨɫɬɶ�ɧɟ�ɩɪɟ-
ɜɵɲɚɟɬ 500 ɦɝ�ɜ�ɞɟɧɶ. Ʉɚɤ�ɪɟɡɭɥɶɬɚɬ�ɜ�ɬɤɚɧɹɯ�ɩɪɨɢɫɯɨɞɢɬ 

ɧɚɤɨɩɥɟɧɢɟ�ɯɨɥɟɫɬɟɪɢɧɚ, ɤɨɬɨɪɵɣ, ɩɨɩɚɞɚɹ�ɜ�ɤɪɨɜɶ, ɨɛɪɚɡɭɟɬ 
ɛɥɹɲɤɢ�ɜ�ɤɪɨɜɟɧɨɫɧɵɯ�ɫɨɫɭɞɚɯ�ɢ�ɹɜɥɹɟɬɫɹ�ɨɞɧɨɣ�ɢɡ�ɩɪɢɱɢɧ 
ɚɬɟɪɨɫɤɥɟɪɨɡɚ. ɉɨɷɬɨɦɭ� ɭɞɚɥɟɧɢɟ� ɢɡɛɵɬɤɚ� ɯɨɥɟɫɬɟɪɢɧɚ� ɢɡ 
ɩɪɨɞɭɤɬɨɜ�ɩɢɬɚɧɢɹ�ɹɜɥɹɟɬɫɹ�ɱɪɟɡɜɵɱɚɣɧɨ�ɚɤɬɭɚɥɶɧɨɣ�ɡɚɞɚ-
ɱɟɣ. ɉɨɩɵɬɤɢ�ɩɪɢɦɟɧɢɬɶ�ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɭɸ�ɷɤɫɬɪɚɤɰɢɸ�ɞɥɹ 
ɭɦɟɧɶɲɟɧɢɹ� ɫɨɞɟɪɠɚɧɢɹ� ɯɨɥɟɫɬɟɪɢɧɚ� ɜ� ɪɚɡɥɢɱɧɵɯ� ɫɪɟɞɚɯ 
ɛɵɥɢ�ɫɞɟɥɚɧɵ�ɜ�ɪɚɛɨɬɚɯ [1 - 3]. 

Ɇɨɥɟɤɭɥɚ E�ɤɚɪɨɬɢɧɚ�ɢɡɜɟɫɬɧɚ�ɤɚɤ�ɫɢɥɶɧɵɣ�ɨɤɫɢɞɚɧɬ 
ɢ� ɩɪɨɜɢɬɚɦɢɧ� Ⱥ, ɨɛɥɚɞɚɸɳɚɹ� ɩɪɟɤɪɚɫɧɵɦɢ� ɢɦɦɭɧɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ. ȼ� ɩɢɳɟɜɨɣ� ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ E�ɤɚɪɨɬɢɧ� ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ�ɤɚɤ�ɩɢɝɦɟɧɬ. ɉɨɩɵɬɤɢ�ɨɩɪɟɞɟɥɢɬɶ�ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɛɢɨɦɨɥɟɤɭɥ�ɜ�ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ�ɠɢɞɤɨɫɬɹɯ�ɛɵɥɢ�ɩɪɟɞɩɪɢ-
ɧɹɬɵ�ɦɧɨɝɢɦɢ�ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ� ɝɪɭɩɩɚɦɢ, ɤɨɬɨɪɵɟ�ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ�ɤɨɪɪɟɥɹɰɢɸ [4]. Ⱦɚɧɧɚɹ�ɤɨɪɪɟɥɹɰɢɹ�ɫɩɨɫɨɛɧɚ, ɤ 
ɫɨɠɚɥɟɧɢɸ, ɬɨɥɶɤɨ� ɨɩɢɫɵɜɚɬɶ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɞɚɧɧɵɟ, 
ɧɨ�ɧɟ�ɩɪɟɞɫɤɚɡɵɜɚɬɶ�ɢɯ. 

Ⱦɪɭɝɨɟ�ɧɚɩɪɚɜɥɟɧɢɟ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɛɚɡɢɪɭɟɬɫɹ�ɧɚ�ɩɪɢ-
ɦɟɧɟɧɢɢ� ɭɪɚɜɧɟɧɢɣ� ɫɨɫɬɨɹɧɢɹ� ɞɥɹ� ɪɚɫɱɟɬɚ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɬɜɟɪɞɵɯ�ɮɚɡ�ɜ�ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ�ɪɚɫɬɜɨɪɢɬɟɥɹɯ [4,5]. 

Ɉɫɧɨɜɧɚɹ�ɩɪɨɛɥɟɦɚ, ɤɨɬɨɪɚɹ�ɜɨɡɧɢɤɚɟɬ�ɩɪɢ�ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɢ�ɪɚɡɥɢɱɧɵɯ�ɦɨɞɟɥɶɧɵɯ�ɩɨɞɯɨɞɨɜ, ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɩɪɚɤ-
ɬɢɱɟɫɤɨɦ�ɨɬɫɭɬɫɬɜɢɢ�ɞɚɧɧɵɯ�ɨ�ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ�ɩɨɜɟɞɟ-
ɧɢɢ� ɫɥɨɠɧɵɯ� ɛɢɨɥɨɝɢɱɟɫɤɢɯ� ɦɨɥɟɤɭɥ. Ⱦɥɹ� ɬɚɤɢɯ� ɫɢɫɬɟɦ 
ɨɛɵɱɧɨ�ɨɬɫɭɬɫɬɜɭɸɬ�ɞɚɧɧɵɟ� ɨ� ɤɪɢɬɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜɚɯ, ɩɨ-
ɫɤɨɥɶɤɭ�ɬɚɤɢɟ�ɜɟɳɟɫɬɜɚ�ɪɚɡɥɚɝɚɸɬɫɹ, ɧɟ�ɞɨɫɬɢɝɧɭɜ�ɤɪɢɬɢɱɟ-
ɫɤɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɞɨɫɬɚɬɨɱɧɨ� ɫɥɨɠɧɵɯ 
ɭɪɚɜɧɟɧɢɣ� ɫɨɫɬɨɹɧɢɹ� ɬɪɟɛɭɟɬ� ɭɜɟɥɢɱɟɧɢɹ� ɱɢɫɥɚ� ɩɨɞɝɨɧɨɱ-
ɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ�ɟɳɟ�ɛɨɥɟɟ�ɫɥɨɠɧɨ�ɨɩɪɟɞɟɥɢɬɶ, ɧɟ 
ɢɦɟɹ�ɛɨɥɶɲɨɝɨ�ɤɨɥɢɱɟɫɬɜɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ.  

ɐɟɥɶ�ɧɚɫɬɨɹɳɟɣ�ɪɚɛɨɬɵ – ɩɪɟɞɫɤɚɡɚɧɢɟ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɛɢɨɦɨɥɟɤɭɥ�ɜ�ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ�ɮɥɸɢɞɚɯ�ɧɚ�ɨɫɧɨɜɟ�ɦɟɬɨɞɚ 
ɥɨɤɚɥɶɧɨɝɨ�ɨɬɨɛɪɚɠɟɧɢɹ. 

ɋɭɬɶ� ɦɟɬɨɞɚ� ɥɨɤɚɥɶɧɨɝɨ� ɨɬɨɛɪɚɠɟɧɢɹ� ɨɩɢɫɚɧɚ� ɜ [6]. 
Ɇɟɬɨɞ� ɨɫɧɨɜɚɧ� ɧɚ� ɩɪɟɞɫɬɚɜɥɟɧɢɢ� ɨ� ɉɚɪɟɬɨ� ɨɩɬɢɦɚɥɶɧɵɯ 
ɪɟɲɟɧɢɹɯ, ɤɨɬɨɪɵɟ�ɩɨɡɜɨɥɢɥɢ�ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ�ɝɢɩɨɬɟɡɭ�ɥɨ-
ɤɚɥɶɧɨɝɨ� ɨɬɨɛɪɚɠɟɧɢɹ� ɪɟɚɥɶɧɨɣ� ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ� ɩɨ-
ɜɟɪɯɧɨɫɬɢ�ɧɚ�ɩɚɪɚɦɟɬɪɵ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�ɜ�ɩɪɢɧɰɢɩɟ� ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɵɯ� ɫɨɫɬɨɹɧɢɣ� ɞɥɹ� ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ 
ɭɪɚɜɧɟɧɢɣ� ɫɨɫɬɨɹɧɢɹ. ɗɬɢ� ɦɨɞɟɥɢ� ɭɪɚɜɧɟɧɢɣ� ɫɨɫɬɨɹɧɢɣ 
ɨɛɟɫɩɟɱɢɜɚɸɬ� ɫɨɜɩɚɞɟɧɢɟ� ɡɧɚɱɟɧɢɣ� ɞɚɜɥɟɧɢɹ� ɢ� ɟɝɨ� ɩɪɨɢɡ-
ɜɨɞɧɵɯ�ɩɨ�ɬɟɦɩɟɪɚɬɭɪɟ�ɢ�ɩɥɨɬɧɨɫɬɢ�ɞɥɹ «ɬɨɱɧɨɣ» ɢ�ɦɨɞɟɥɶ-
ɧɨɣ�ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ�ɜ�ɩɪɨɢɡɜɨɥɶɧɨɣ�ɬɨɱɤɟ 
ɮɚɡɨɜɨɣ�ɞɢɚɝɪɚɦɦɵ�ɱɢɫɬɨɝɨ�ɜɟɳɟɫɬɜɚ. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ�ɢɧ-
ɬɟɪɩɪɟɬɚɰɢɹ�ɥɨɤɚɥɶɧɨɝɨ�ɨɬɨɛɪɚɠɟɧɢɹ�ɞɚɧɚ�ɧɚ�ɪɢɫ. 1. 

Ⱦɥɹ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ�ɦɨɥɟɤɭɥ�ɯɨɥɟɫɬɟɪɢɧɚ�ɢ E - ɤɚɪɨ-
ɬɢɧɚ� ɢɧɮɨɪɦɚɰɢɹ� ɨ� ɤɪɢɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɚɯ� ɜ� ɥɢɬɟɪɚɬɭɪɟ 
ɨɬɫɭɬɫɬɜɭɟɬ, ɨɞɧɚɤɨ�ɟɟ�ɦɨɠɧɨ�ɜɨɫɫɬɚɧɨɜɢɬɶ�ɧɚ�ɨɫɧɨɜɟ�ɤɨɪɪɟ-
ɥɹɰɢɨɧɧɵɯ� ɫɨɨɬɧɨɲɟɧɢɣ� ɫɬɪɭɤɬɭɪɚ – ɫɜɨɣɫɬɜɨ. ɉɪɢɜɟɞɟɧ-
ɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ� ɜɵɩɨɥɧɟɧɵ� ɫ� ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ�ɭɪɚɜɧɟɧɢɹ�ɫɨɫɬɨɹɧɢɹ�ɉɟɧɝɚ – Ɋɨɛɢɧɫɨɧɚ�ɞɥɹ 
ɤɥɚɫɫɢɱɟɫɤɨɝɨ� ɧɚɛɨɪɚ� ɩɚɪɚɦɟɬɪɨɜ� ɢ� ɩɨɥɭɱɟɧɧɵɯ� ɦɟɬɨɞɨɦ 
ɥɨɤɚɥɶɧɨɝɨ�ɨɬɨɛɪɚɠɟɧɢɹ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɡɧɚɱɟɧɢɹɯ�ɩɪɨɝɧɨ-
ɡɢɪɭɟɦɵɯ�ɤɪɢɬɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ�ɞɥɹ�ɯɨɥɟɫɬɟɪɢɧɚ [10, 12] 
ɢ E�ɤɚɪɨɬɢɧɚ [10, 11, 12]. Ʉ�ɫɨɠɚɥɟɧɢɸ, ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ�ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ� ɤɪɢɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɫɥɢɲɤɨɦ� ɜɟɥɢɤɚ 
�ɧɚɩɪɢɦɟɪ, ɤɪɢɬɢɱɟɫɤɚɹ�ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɟɞɫɤɚɡɚɧɧɚɹ�ɩɨ�ɦɟ-
ɬɨɞɭ�Ʌɢɞɟɪɫɟɧɚ�ɢ�ɧɚ�ɨɫɧɨɜɟ�ɦɨɥɟɤɭɥɹɪɧɵɯ�ɞɟɫɤɪɢɩɬɨɪɨɜ�ɨɬ-
ɥɢɱɚɸɬɫɹ�ɛɨɥɟɟ�ɱɟɦ� ɧɚ 200Ʉ), ɱɬɨɛɵ� ɫɭɞɢɬɶ� ɨ� ɩɪɟɢɦɭɳɟ-
ɫɬɜɚɯ�ɢɫɩɨɥɶɡɭɟɦɵɯ�ɦɨɞɟɥɟɣ�ɭɪɚɜɧɟɧɢɣ�ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɟ 
ɤɚɱɟɫɬɜɟɧɧɨ� ɜɨɫɩɪɨɢɡɜɨɞɹɬ� ɤɚɪɬɢɧɭ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ� ɛɢɨɦɨ-
ɥɟɤɭɥ� ɜ� ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ� ɞɢɨɤɫɢɞɟ� ɭɝɥɟɪɨɞɚ. ȼ� ɪɚɫɱɟɬɚɯ 
ɛɵɥɢ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɫɥɟɞɭɸɳɢɟ� ɡɧɚɱɟɧɢɹ� ɤɪɢɬɢɱɟɫɤɢɯ� ɩɚ-
ɪɚɦɟɬɪɨɜ (Tc, Pc) ɢ�ɨɛɴɟɦɨɜ�ɬɜɟɪɞɨɣ�ɮɚɡɵ (Vs) ɞɥɹ�ɯɨɥɟɫɬɟ-
ɪɢɧɚ, E�ɤɚɪɨɬɢɧɚ�ɢ�ɧɟɤɨɬɨɪɵɯ�ɞɪɭɝɢɯ�ɛɢɨɥɨɝɢɱɟɫɤɢ�ɜɚɠɧɵɯ 
ɦɨɥɟɤɭɥ (ɬɚɛɥ.1). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɞɚɧɧɵɟ�ɞɥɹ�ɪɚɫɬɜɨɪɢ-
ɦɨɫɬɢ�ɯɨɥɟɫɬɟɪɢɧɚ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫ. 2 (ɚ). Ɉɬɤɥɨɧɟɧɢɹ 
ɦɟɠɞɭ� ɷɤɫɩɟɪɢɦɟɧɬɨɦ� ɢ� ɦɨɞɟɥɶɧɵɦ� ɪɚɫɱɟɬɨɦ� ɫ� ɤɥɚɫɫɢɱɟ-
ɫɤɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɫɨɫɬɚɜɥɹɸɬ� ɡɧɚɱɢɬɟɥɶɧɭɸ� ɜɟɥɢɱɢɧɭ, 
ɩɪɢɱɟɦ�ɨɩɵɬɧɵɟ�ɞɚɧɧɵɟ�ɧɟ�ɫɨɝɥɚɫɭɸɬɫɹ�ɞɪɭɝ�ɫ�ɞɪɭɝɨɦ. ɗɬɨ 
ɪɚɫɯɨɠɞɟɧɢɟ� ɦɨɠɟɬ� ɛɵɬɶ� ɨɛɴɹɫɧɟɧɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɪɚɡ-
ɥɢɱɧɵɯ�ɦɟɬɨɞɨɜ�ɢɡɦɟɪɟɧɢɹ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ [10, 12]. 
ɉɪɟɞɫɤɚɡɚɧɢɹ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ E�- ɤɚɪɨɬɢɧɚ� ɜ� ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɦ�ɞɢɨɤɫɢɞɟ�ɭɝɥɟɪɨɞɚ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ 313 Ʉ�ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ�ɧɚ�ɪɢɫ. 2 (ɛ). Ɍɚɤ�ɠɟ�ɤɚɤ�ɢ�ɜ�ɫɥɭɱɚɟ�ɫ�ɯɨɥɟɫɬɟɪɢɧɨɦ, ɫɬɚɧ-
ɞɚɪɬɧɨɟ� ɭɪɚɜɧɟɧɢɟ� ɉɟɧɝ�Ɋɨɛɢɧɫɨɧɚ� ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ 
ɩɪɟɞɫɤɚɡɵɜɚɟɬ� ɤɪɢɜɭɸ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ� ɞɥɹ� ɦɨɥɟɤɭɥɵ E�-
ɤɚɪɨɬɢɧɚ. ɂɡ�ɪɢɫɭɧɤɚ�ɬɚɤɠɟ�ɜɢɞɧɚ�ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ�ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ [12,15]. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɚɧɧɵɟ� ɩɨ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ�ɐɵɝɚɧɚɪɨɜɢɱɚ [15] ɜ�ɧɟɫɤɨɥɶɤɨ�ɪɚɡ�ɨɬɥɢɱɚ-
ɸɬɫɹ�ɨɬ�ɞɪɭɝɢɯ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ [14]. Ɍɚɤɨɣ�ɪɚɡ-
ɛɪɨɫ�ɦɨɠɟɬ�ɛɵɬɶ�ɫɜɹɡɚɧ�ɫ�ɨɱɟɧɶ�ɧɢɡɤɨɣ�ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ E�- 
ɤɚɪɨɬɢɧɚ, ɝɞɟ�ɬɨɱɧɨɫɬɶ�ɫɢɥɶɧɨ�ɡɚɜɢɫɢɬ�ɨɬ�ɩɪɢɦɟɧɹɟɦɨɝɨ�ɦɟ-
ɬɨɞɚ�ɢɡɦɟɪɟɧɢɣ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ�ɩɚɪɚɦɟɬɪɨɜ�ɦɨɞɟɥɢ�ɉɟɧɝɚ-
Ɋɨɛɢɧɫɨɧɚ, ɧɚɣɞɟɧɧɵɯ�ɩɨ�ɦɟɬɨɞɭ�ɥɨɤɚɥɶɧɨɝɨ�ɨɬɨɛɪɚɠɟɧɢɹ, 
ɭɥɭɱɲɚɟɬ�ɤɚɱɟɫɬɜɟɧɧɨɟ�ɩɨɜɟɞɟɧɢɟ�ɤɪɢɜɨɣ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɧɨ 
ɫɨɯɪɚɧɹɟɬ�ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ�ɩɨɝɪɟɲɧɨɫɬɶ, ɜɨɡɧɢɤɚɸɳɭɸ�ɢɡ-
ɡɚ�ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ�ɜ�ɢɫɩɨɥɶɡɭɟɦɵɯ�ɡɧɚɱɟɧɢɹɯ�ɞɚɜɥɟɧɢɹ�ɧɚ 
ɤɪɢɜɨɣ�ɫɭɛɥɢɦɚɰɢɢ.  

ɋɭɳɟɫɬɜɟɧɧɵɟ�ɪɚɡɥɢɱɢɹ�ɦɟɠɞɭ�ɪɚɡɥɢɱɧɵɦɢ�ɨɰɟɧɤɚɦɢ 
ɤɪɢɬɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ�ɧɟ�ɨɤɚɡɵɜɚɸɬ�ɡɧɚɱɢɬɟɥɶɧɨɝɨ�ɜɥɢɹ-
ɧɢɹ�ɧɚ�ɪɟɡɭɥɶɬɚɬɵ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤ, ɪɚɡɥɢɱɢɟ�ɜ 100 ɝɪɚ-
ɞɭɫɨɜ� ɦɟɠɞɭ� ɤɪɢɬɢɱɟɫɤɢɦɢ� ɬɟɦɩɟɪɚɬɭɪɚɦɢ� ɯɨɥɟɫɬɟɪɢɧɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ�ɜ�ɪɚɛɨɬɚɯ [13] ɢ [14], ɧɟ�ɨɬɪɚɡɢɥɚɫɶ�ɧɚ 

 

Ɋɢɫ. 1. ɉɪɢɧɰɢɩ�ɥɨɤɚɥɶɧɨɝɨ�ɨɬɨɛɪɚɠɟɧɢɹ  
ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ�ɭɪɚɜɧɟɧɢɣ�ɫɨɫɬɨɹɧɢɹ  
ɧɚ�ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ�ɭɪɚɜɧɟɧɢɹ�ɫɨɫɬɨɹɧɢɹ 
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ɤɚɱɟɫɬɜɟ�ɨɩɢɫɚɧɢɹ. ȼ�ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ�ɨɩɢɫɚɧɧɨɦɭ�ɷɮ-
ɮɟɤɬɭ�ɩɪɟɞɫɤɚɡɚɧɢɟ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ�ɜ�ɡɧɚɱɢɬɟɥɶɧɨɣ�ɦɟɪɟ�ɡɚ-
ɜɢɫɢɬ�ɨɬ�ɞɚɜɥɟɧɢɹ�ɫɭɛɥɢɦɚɰɢɢ, ɜ�ɩɪɟɞɫɬɚɜɥɟɧɢɢ�ɤɨɬɨɪɨɝɨ�ɜ 

ɥɢɬɟɪɚɬɭɪɟ�ɧɚɛɥɸɞɚɸɬɫɹ�ɡɧɚɱɢɬɟɥɶɧɵɟ�ɪɚɫɫɨɥɝ-
ɥɚɫɨɜɚɧɢɹ�ɢ�ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ. ɉɪɢ�ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ�ɤɨɦɛɢɧɚɰɢɢ�ɡɧɚɱɟɧɢɣ kij, lij�ɢ�ɞɚɜɥɟɧɢɹ�ɫɭɛ-
ɥɢɦɚɰɢɢ, ɤɨɬɨɪɨɟ�ɫɥɟɞɭɟɬ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɜ�ɤɚɱɟ-
ɫɬɜɟ�ɩɨɞɝɨɧɨɱɧɨɝɨ�ɩɚɪɚɦɟɬɪɚ, ɩɪɢ�ɩɨɦɨɳɢ�ɦɟ-
ɬɨɞɚ�ɥɨɤɚɥɶɧɨɝɨ�ɨɬɨɛɪɚɠɟɧɢɹ�ɭɞɚɟɬɫɹ�ɞɨɫɬɢɱɶ 
ɯɨɪɨɲɟɝɨ�ɤɚɱɟɫɬɜɚ�ɨɩɢɫɚɧɢɹ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ�ɞɚɧɧɵɯ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɡɧɚɱɟɧɢɹ�ɩɚɪɚ-
ɦɟɬɪɨɜ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ 2.

ɇɚ�ɪɢɫ. 2 (ɜ�ɝ) ɩɪɢɜɟɞɟɧɵ�ɤɪɢɜɵɟ�ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ�ɟɳɟ�ɞɥɹ�ɞɜɭɯ�ɛɢɨɦɨɥɟɤɭɥ – ɩɟɧɢɰɢɥɥɢ-
ɧɚ�ɢ� ɫɚɥɢɰɢɥɨɜɨɣ� ɤɢɫɥɨɬɵ. Ɍɨɱɧɨɫɬɶ� ɨɩɢɫɚɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɹɜɥɹɟɬɫɹ� ɜɟɥɢɱɢɧɨɣ 
ɬɨɝɨ�ɠɟ�ɩɨɪɹɞɤɚ, ɱɬɨ�ɞɥɹ�ɯɨɥɟɫɬɟɪɢɧɚ�ɢ E – ɤɚɪɨ-
ɬɢɧɚ. Ɂɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ kij�ɢ lij, 
ɚ� ɬɚɤɠɟ� ɫɪɟɞɧɢɯ�ɨɬɤɥɨɧɟɧɢɣ� ɪɚɫɱɟɬɚ� ɨɬ� ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ� ɞɥɹ� ɜɫɟɯ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɛɢɨ-
ɦɨɥɟɤɭɥ�ɬɚɤɠɟ�ɞɚɧɵ�ɜ�ɬɚɛɥɢɰɟ 2. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɦɟɬɨɞ� ɥɨɤɚɥɶɧɨɝɨ� ɨɬɨɛɪɚ-
ɠɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɣ�ɩɨɥɭɱɢɬɶ�ɜɵɫɨɤɭɸ�ɬɨɱɧɨɫɬɶ 
ɨɩɢɫɚɧɢɹ� ɩɥɨɬɧɨɫɬɢ� ɞɢɨɤɫɢɞɚ� ɭɝɥɟɪɨɞɚ� ɜ� ɨɤɨɥɨ-
ɤɪɢɬɢɱɟɫɤɨɣ� ɨɛɥɚɫɬɢ�ɩɪɢ� ɩɨɦɨɳɢ�ɩɪɨɫɬɵɯ� ɭɪɚɜ-
ɧɟɧɢɣ� ɫɨɫɬɨɹɧɢɹ, ɦɨɠɟɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧ� ɞɥɹ 
ɨɰɟɧɨɤ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ� ɜɚɠɧɵɯ 
ɜɟɳɟɫɬɜ� ɜ� ɩɪɢɪɨɞɧɵɯ� ɫɪɟɞɚɯ� ɜ� ɩɪɨɰɟɫɫɚɯ� ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɣ� ɷɤɫɬɪɚɤɰɢɢ. ɇɚɞɟɠɧɨɟ� ɨɩɢɫɚɧɢɟ 
ɩɥɨɬɧɨɫɬɢ�ɞɢɨɤɫɢɞɚ�ɭɝɥɟɪɨɞɚ�ɜ�ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ 

ɨɛɥɚɫɬɢ� ɧɚ� ɨɫɧɨɜɟ� ɩɪɢɧɰɢɩɚ� ɥɨ-
ɤɚɥɶɧɨɝɨ� ɨɬɨɛɪɚɠɟɧɢɹ� ɤɭɛɢɱɟɫɤɢ-
ɦɢ� ɭɪɚɜɧɟɧɢɹɦɢ� ɫɨɫɬɨɹɧɢɹ� ɬɢɩɚ 
ɉɟɧɝɚ±Ɋɨɛɢɧɫɨɧɚ�ɩɨɡɜɨɥɹɟɬ� ɪɚɡɪɚ-
ɛɨɬɚɬɶ�ɧɚɞɟɠɧɵɟ�ɚɥɝɨɪɢɬɦɵ�ɪɚɫɱɟ-
ɬɚ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ�ɬɜɟɪɞɵɯ�ɮɚɡ, ɤɨ-
ɬɨɪɵɟ�ɧɟɨɛɯɨɞɢɦɵ�ɩɪɢ�ɩɪɨɟɤɬɢɪɨ-
ɜɚɧɢɢ�ɨɛɨɪɭɞɨɜɚɧɢɹ�ɞɥɹ�ɫɜɟɪɯɤɪɢ-
ɬɢɱɟɫɤɨɣ�ɷɤɫɬɪɚɤɰɢɢ�ɬɟɪɦɨɥɚɛɢɥɶ-
ɧɵɯ�ɛɢɨɥɨɝɢɱɟɫɤɢɯ�ɦɨɥɟɤɭɥ�ɜ�ɫɪɟ-

ɞɟ�ɩɪɢɪɨɞɧɵɯ�ɪɚɛɨɱɢɯ�ɬɟɥ. 
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ɂȼȺɇɈȼȺ�ȿ�ȿ., ɞ�ɪ�ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, ɈȾɂɇȿɐ�ɇ�Ⱥ., ɚɫɢɫɬɟɧɬ, ȻȺɋɈȼȺ�ȿ�ȼ., ɚɫɩɢɪɚɧɬ 
ɎȽȻɈɍ�ȼɉɈ "Ʉɭɛɚɧɫɤɢɣ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ" ɝ. Ʉɪɚɫɧɨɞɚɪ 

ɄȺɑȿɋɌȼȿɇɇɈȿ�ɊɕȻɇɈȿ�ɋɕɊɖȿ�ɄȺɄ�ɈɋɇɈȼȺ�ɄȺɑȿɋɌȼȿɇɇɈɃ 
ȽɈɌɈȼɈɃ�ɉɊɈȾɍɄɐɂɂ 

ɉɪɟɞɫɬɚɜɥɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɤɚɱɟɫɬɜɟɧɧɵɯ�ɩɨɤɚ-
ɡɚɬɟɥɟɣ�ɦɵɲɟɱɧɨɣ�ɬɤɚɧɢ�ɩɢɥɟɧɝɚɫɚ�ɜ�ɩɨɫɬɦɨɪɬɚɥɶɧɵɣ�ɩɟɪɢɨɞ�ɡɚɜɢ-
ɫɢɦɨɫɬɢ� ɨɬ� ɦɚɫɫɵ� ɪɵɛɵ, ɬɟɦɩɟɪɚɬɭɪɵ� ɯɪɚɧɟɧɢɹ� ɢ� ɫɟɡɨɧɚ� ɜɵɥɨɜɚ. 

ɂɡɭɱɟɧɚ� ɞɢɧɚɦɢɤɚ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ� ɛɟɥɤɨɜ�ɦɵɲɟɱɧɨɣ� ɬɤɚɧɢ� ɩɢɥɟɧ-
ɝɚɫɚ�ɜ�ɩɪɨɰɟɫɫɟ�ɯɨɥɨɞɢɥɶɧɨɝɨ. ɉɪɟɞɥɨɠɟɧ�ɨɩɬɢɦɚɥɶɧɵɣ�ɫɪɨɤ�ɯɨɥɨ-

Ɍɚɛɥɢɰɚ 1 
Ʉɪɢɬɢɱɟɫɤɢɟ�ɩɚɪɚɦɟɬɪɵ�ɢ�ɮɚɤɬɨɪ�ɚɰɟɧɬɪɢɱɧɨɫɬɢ (Z��ɛɢɨɦɨɥɟɤɭɥ�ɢ 

ɪɚɫɬɜɨɪɢɬɟɥɹ 

Ʉɨɦɩɨɧɟɧɬ Ɍɫ, Ʉ Ɋɫ, 
Ɇɉɚ Z� Vs, 

Fɦ3�ɦɨɥɶ Ʌɢɬ�ɪɚ 

Ⱦɢɨɤɫɢɞ�ɭɝɥɟɪɨɞɚ 
ɏɨɥɟɫɬɟɪɢɧ 
E�ɤɚɪɨɬɢɧ 
ɋɚɥɢɰɢɥɨɜɚɹ� ɤɢɫ-
ɥɨɬɚ 
Penicillin V   

304.12 
778.70 
674.5 

860.7  
921.7  

7.34 
1.22 
0.836 
5.020 
17.20 

0.225 
1.011 
4.8 

0.785 
1.168 

- 
362.4 
536.8 
95.72 
231.7 

[7] 
[9] 
[10] 
[13] 
[14] 

 

 

Ɋɢɫ. 2. Ʉɪɢɜɵɟ�ɪɚɫɬɜɨɪɢɦɨɫɬɢ�ɞɥɹ�ɫɢɫɬɟɦ�ɋɈ2 – ɛɢɨɦɨɥɟɤɭɥɵ:  
ɚ) ɯɨɥɟɫɬɟɪɢɧ�ɩɪɢ T = 35 oC; ɛ) E - ɤɚɪɨɬɢɧ�ɩɪɢ T = 40 oɋ;  

ɜ) ɫɚɥɢɰɢɥɨɜɚɹ�ɤɢɫɥɨɬɚ�Ɍ = 40 oɋ; ɝ) ɩɟɧɢɰɢɥɥɢɧ�ɩɪɢ T = 41 oɋ 

Ɍɚɛɥɢɰɚ 2 
ɉɚɪɚɦɟɬɪ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɢ�ɫɪɟɞɧɢɟ�ɨɬɤɥɨɧɟɧɢɹ  

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɜɟɥɢɱɢɧ�ɞɥɹ�ɦɨɞɟɥɢ�ɉɊ 
ɋɢɫɬɟɦɚ T, C P, bar k12 l12 'y, % Ʌɢɬɟɪɚɬɭɪɚ 

ɋɈ2 - ɯɨɥɟɫɬɟɪɢɧ 
ɋɈ2 - E�ɤɚɪɨɬɢɧ  
ɋɈ2 – ɩɟɧɢɰɢɥɥɢɧ V   
ɋɈ2 – ɫɚɥɢɰɢɥɨɜɚɹ 
ɤɢɫɥɨɬɚ 

35 
40 
41 
40 

124-279 
120-276 
81-280 

100-/350 

0.350 
0.566 
0.233 
-0.117 

0.363 
0.349 
0.084 
-0.533 

7 
10 
35 
5.0 

[ 5 ] 
[ 7 ] 
[ 11] 
[ 10] 

 


